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ELECTROCHEMICAL CELL
INCORPORATING AN EXTERNAL
HYDROGEN REMOVING AGENT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/080,950, filed Apr. 7, 1998, entitled

“ELECTROCHEMICAL CELL INCORPORAIING AN
EXTERNAL HYDROGEN RECOMBINATION

CATALYST,” the disclosure of which 1s incorporated herein.
BACKGROUND OF THE INVENTION

The present invention generally relates to batteries and,
more particularly, to removing hydrogen released from
batteries, and 1s particularly useful for batteries used in
scaled compartments such as 1n a packaged camera, a sealed
flashlight, or other sealed device.

Conventional alkaline electrochemical cells generally
include a steel cylindrical can having a positive electrode,
referred to as the cathode, which comprises manganese
dioxide as the active material, and 1s generally formed
against the interior surface of the steel can. The electro-
chemical cell also includes a negative electrode, referred to
as the anode, which comprises zinc powder, and 1s generally
centrally disposed 1n the can. A separator 1s located between
the anode and the cathode, and an alkaline electrolyte
solution simultaneously contacts the anode, the cathode, and
separator. A conductive current collector 1s commonly
inserted 1nto the anode active material and a seal assembly,
which includes a seal member, provides closure to the open
end of the cell’s steel can to seal the active electrochemical
materials 1n a sealed volume.

Standard alkaline cells are commercially available for
providing an open circuit voltage of about 1.5 volts. When
a higher voltage 1s required, 1t 1s common practice to
combine multiple cells to form a battery having the required
voltage. In doing so, a plurality of cells are commonly
housed in a container and are electrically connected 1in
serics. Additionally, external terminals are attached to the
outside of the container for making an electrical connection
with the cells.

It 1s generally known that small amounts of hydrogen are
produced 1nside an alkaline cell due to corrosion of the zinc
anode. Typically, a portion of the hydrogen accumulates
inside the sealed volume of the battery, while some of the
hydrogen permeates through and around the seal, and there-
fore escapes from the cell’s closed volume. Additionally,
ventable seals are often used which open and release hydro-
gen when excessive pressure builds up 1n the closed volume.
Excessive accumulation of hydrogen can present potentially
unacceptable conditions, particularly in sealed compart-
ments. For example, hydrogen may become concentrated in
the sealed battery compartment of a flashlight or other
clectrically-operated device, and can potentially lead to
problems in operating the device. As another example, the
concentration of hydrogen 1n a disposable camera that is
commercially made available 1 a sealed airtight package
may adversely reduce silver 1n the photographic film and fog
the film, thereby degrading the camera’s photographic film.

Hydrogen getters and recombination catalysts have been
available to remove hydrogen. For example, 1t has been
known that hydrogen absorbing materials, such as hydrogen
oetters, and recombination catalysts, can be used to coun-
teract hydrogen accumulation, by disposing the hydrogen
removing material 1 the sealed battery compartment of a

10

15

20

25

30

35

40

45

50

55

60

65

2

device such as a flashlight. However, only certain selected
clectrically-operated devices are made available with a
hydrogen removing material. In addition, damage or break-
down of the hydrogen removing agent over time may reduce
its effectiveness in the device.

Accordingly, 1t 1s desirable to reduce the hydrogen accu-
mulation that may be present in or around a battery. In
addition, it 1s desirable to provide for removal of an accu-
mulation of hydrogen gas from a battery for use in sealed
battery-operated devices. Further, 1t 1s desirable to remove

hydrogen emitted from batteries 1n a flashlight, a camera, or
other similar devices.

SUMMARY OF THE INVENTION

The present mnvention provides for the removal of hydro-
oen generated by a battery by providing the battery with a
hydrogen removing agent. A battery 1s provided having
walls defining a volume and including an active cell volume

for housing active cell materials. Electrochemically active
materials are contained in the active cell volume of the

container. The battery further includes a hydrogen removing
agent disposed on the battery external from the active cell
volume of the container for removing hydrogen produced by
the electrochemically active materials. According to one
embodiment, the hydrogen removing agent 1s disposed on
the surface of a seal member that 1s disposed within an open
top end of the container. According to another embodiment,
the hydrogen removing agent 1s disposed on an 1nner surface
of an outer cover of the battery. According to yet another
embodiment, the hydrogen removing agent 1s disposed on a
label on the outside walls of the container. According to a
further embodiment, the hydrogen removing agent 1s dis-
posed on the mterior walls of a multi-cell battery.

These and other features, advantages and objects of the
present invention will be further understood and appreciated
by those skilled 1n the art by reference to the following
specification, claims and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s a longitudinal cross-sectional view of an elec-
trochemaical cell having a hydrogen removing agent disposed
on the top surface of an annular seal member according to
a first embodiment of the present invention;

FIG. 2 1s an exploded perspective view of the annular seal
member containing the hydrogen removing agent as shown

m FIG. 1;

FIG. 3 15 a partial longitudinal cross-sectional view of an
clectrochemical cell having the hydrogen removing agent
disposed on a bottom surface of the outer negative cover
according to a second embodiment;

FIG. 4 15 a partial longitudinal cross-sectional view of an
clectrochemical cell having the hydrogen removing agent
disposed on an outer can label according to a third embodi-
ment,

FIG. § 1s a partial cutaway view of a multi-cell battery
having a hydrogen removing agent disposed on an 1nside
surface of the battery housing according to a fourth embodi-
ment; and

FIG. 6 1s a comparative graph 1illustrating the hydrogen
volume that 1s collected from the electrochemical cell shown
in FIG. 3 stored 1n a sealed container as compared to the
hydrogen volume from an electrochemical cell absent the
hydrogen removing agent.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, a cylindrical alkaline electrochemical
cell 10 1s shown therein. Alkaline cell 10 includes a cylin-
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drical steel can 12 having a closed bottom end 14 and an
open top end 16. The closed bottom end of can 12 further
includes a positive cover welded or otherwise attached
thereto and formed of plated steel with a protruding nub 18

at 1ts center region which forms the positive contact terminal
of cell 10. Assembled to the open end 16 of the steel can 12
1s a cover and seal assembly which forms the negative
contact terminal of cell 10. A metalized, plastic film label 20
1s formed about the exterior surface of steel can 12, except
for the ends of steel can 12. Film label 20 1s formed over the

peripheral edge of the positive cover.

A cathode 22, preferably formed of a mixture of manga-
nese dioxide, graphite, forty-five percent potassium hydrox-
ide solution, and additives 18 formed about the interior
surface of steel can 12. A separator 24, which 1s preferably
formed of a non-woven fabric that prevents migration of any
solid particles 1n the cell, 1s disposed about the interior
surface of cathode 22. An anode 26, preferably formed of
zinc powder, a gelling agent, and additives, 1s disposed with
an electrolyte 1nside the separator 24 and 1s 1in contact with
a current collector 28, which may include a brass nail.
Accordingly, the cathode 22 1s configured as the cell’s
positive electrode, and the anode 26 1s configured as the
cell’s negative electrode.

The current collector 28 contacts an outer negative cover
30 which forms the negative contact terminal of cell 10. An
annular nylon seal 32 1s disposed 1n the open end 16 of the
steel can 12 to prevent leakage of the active cell ingredients
contained 1n steel can 12. Nylon seal 32 contacts a metal
washer 34 which forms an mner cell cover, and 1s preferably
formed of steel. The outer negative cover 30 1s preferably
formed of plated steel, and may be held 1n contact with
current collector 28 via pressure contact or a weld. It should
be appreciated that the outer negative cover 30 1s electrically
insulated from the steel can 12 by way of nylon seal 32. In
addition, the mner cover 34 includes one or more vent
openings 36. The outer negative cover 30 also includes one
or more openings 38 to vent pressure build-up from within
the cell 10 to the outside atmosphere. Together, the current
collector 28, seal 32 and inner cover 34 form the cover and
scal assembly that 1s inserted into the open end 16 of can 12
to seal the active ingredients therein.

While the active ingredients are sealed in the can 12 1n an
active cell volume thereof, it should be understood that
hydrogen accumulation may develop 1n the active seal
volume of the container due to corrosion of the zinc anode.
As 1s common with electrochemical cells, the hydrogen gas
1s 1n the form of very small molecules which are capable of
being released from the active cell volume of the container
by permeating the seal 32, particularly between the current
collector 28 and seal 32. To prevent excessive pressure
build-up 1n the sealed volume of the container, a pressure
release vent (not shown) may be provided in the seal 32 to
open at a predetermined internal pressure to vent internal
pressure, including hydrogen, from within the sealed volume

of the can 12.

According to the present invention, a hydrogen removing
agent 40 1s disposed on the electrochemical cell 10 external
to the active cell volume of the can 12. According to a first
embodiment as shown 1n FIGS. 1 and 2, the hydrogen
removing agent 40 1s disposed on a top surface 42 of the
annular seal 32. While the hydrogen removing agent 40 1s
shown 1n the form of a thin circular disk having an opening
through which an axial boss 44 of seal 32 extends, it should
be appreciated that the hydrogen removing agent may be
provided 1n various shapes, sizes, and locations. The hydro-
ogen removing agent 40 1s applied to the surface 42 of the
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annular seal 32 external to the cell’s electrochemically
active components, yet 1t 1s within the overall volume of the
battery such that 1t 1s exposed to hydrogen which leaks from
the electrochemically active volume of the cell to the outside
environment. The hydrogen removing agent 40 removes at
least some, and preferably a substantial amount, of the
hydrogen accumulation so that excessive hydrogen accumu-
lation can be prevented. This hydrogen removal 1s especially
advantageous when the electrochemical cell 10 1s employed
in a sealed enclosure such as a flashlight or a camera, as well
as other applications.

The hydrogen removing agent 40 may include any of a
number of available agents that effectively remove hydro-
oen. For example, the hydrogen removing agent 40 may
include a hydrogen recombination catalyst or a hydrogen
getter, both of which are known to remove hydrogen. One

example of a known hydrogen getter 1s disclosed 1n U.S. Pat.
No. 5,837,158, entitled “POLYMER FORMULATIONS

FOR GETTERING HYDROGEN,” the disclosure of which
1s incorporated herein by reference. Hydrogen getters, such
as that disclosed in the aforementioned patent, remove
hydrogen accumulation by providing a controlled reaction
between an organic reactant and hydrogen. One example of
a hydrogen recombination catalyst for use as the hydrogen
removing agent 40 may include a hydrogen recombination
catalyst which causes hydrogen and oxygen to combine and
produce water. Another example of a suitable hydrogen
recombination catalyst 1s disclosed i U.S. Pat. No. 3,893,
870, enfitled “HYDROGEN ABSORBING MATERIAL
FOR ELECTROCHEMICAL CELLS,” the disclosure of
which 1s also incorporated herein by reference. It should be
appreciated that other known hydrogen removing agents
may be employed for use 1n the battery, according to the
present 1vention.

The hydrogen removing agent 40 may be applied to the
surface of seal 32 by any of a number of known application
techniques including, but not limited to, spraying, painting,
printing, or other application techniques. The hydrogen
removing agent 40 could be applied directly to the surface
of the seal 32, or could be applied to a carrier surface, such
as a tape material, which 1n turn can be adhered or otherwise
applied to the surface of the seal 32. In addition, the
hydrogen removing agent 40 can be applied in different
shapes, sizes, and locations on the seal 32.

Referring to FIG. 3, the hydrogen removing agent 40 1s
shown disposed on the inside surface of the outer negative
cover 30 according to a second embodiment of the present
invention. The hydrogen removing agent 40 may be applied
to the bottom surface of outer negative cover 30 in various
shapes, sizes, and locations, and 1n a manner similar to that
disposed on the seal 32 according to the first embodiment.
It should be appreciated that the hydrogen removing agent
40 of the first and second embodiments, 1s advantageously
located external from the internal volume containing the
clectrochemically active materials of cell 10, yet within the
entire volume of the cell 10, and more particularly 1n the
volume defined between the seal 32 and outer negative cover
30. It should also be appreciated that the hydrogen removing
agent 40 may be located in other locations on the cell 10
external from the active cell volume containing the electro-
chemically active materials, without departing from the
teachings of the present mnvention. For example, the hydro-
gen removing agent 40 could likewise be disposed on the
current collector 28 at a location between seal 32 and outer
negative cover 30. As another example, the hydrogen
removing agent 40 could be disposed on the inner cover 34.
Accordingly, the hydrogen removing agent 40 1s disposed
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preferably 1n a location where 1t will be exposed to hydrogen
released from the active materials of the electrochemical cell
10.

Referring to FIG. 4, an electrochemical cell 10 1s shown
having the hydrogen removing agent 40 disposed outside of
the steel can 12 on the outer surface of label 20. In this
embodiment, the hydrogen removing agent 40 may be
applied 1n the shape of a ring, and 1s made available for
exposure to hydrogen that 1s released from the electrochemi-
cal cell 10 to the outside atmosphere. It should be appreci-
ated that the hydrogen removing agent 40 may likewise be
disposed at other locations on the outside surface of cell 10.
For example, the hydrogen removing agent 40 could be
disposed on the outer surface of outer negative cover 30.
Also, hydrogen removing agent 40 could be disposed on the
inner or outer surface of the positive cover. In addition, the
hydrogen removing agent 40 could be integrally formed 1n
the label 20.

Referring to FIG. §, a multi-cell battery 50 1s illustrated
therein which contains a plurality of electrochemical cells
10. The multi-cell battery 50 may include six electrochemi-
cal cells 10 connected 1n series to form a 9-volt battery as 1s
ogenerally known 1n the battery art. The multi-cell battery 50
includes a container 52 housing the multiple electrochemical
cells 10, and has positive and negative contact terminals 54
and 56 provided on the top end of the container 52. The
multi-cell battery 50 has the hydrogen removing agent 40

preferably located on an inside surface, such as the inner
side walls of the container 52, to remove hydrogen accu-
mulation emitted from the electrochemical cells 10. While
the hydrogen removing agent 40 1s shown on the inside
surface of the side walls of container 52, 1t should also be
appreciated that the hydrogen removing agent 40 may be
located on the top or bottom 1nside walls, or an outer surface
of one or more of the electrochemical cells 10, or may be
located on an outside surface of the container 52.

With particular reference to FIG. 6, a graph 1s shown
which 1illustrates the performance of electrochemical cells
having a hydrogen removing agent 1n the form of a hydrogen
recombination catalyst applied to the inside surface of outer
negative cover 30 as shown i FIG. 3, and compared to
similar electrochemical cells absent the hydrogen removing
agent 40. In particular, cylindrical alkaline AA-sized cells
were tested over a two week period at temperatures of 50°
C. and 71° C. Hydrogen volume measurements were taken
by placing the cells at the corresponding temperature 1n a
bag for the two week test period. The total volume of air in
the bag was measured. The air was analyzed for hydrogen
concentration and the volume of air was multiplied by the
percentage of hydrogen to arrive at the hydrogen volume
measurement. Two cells containing the hydrogen removing
agent 40 on the bottom surface of the outer negative cover
30 were tested, and the volume of hydrogen accumulated in
cach cell was measured. The hydrogen volume measurement
for one cell tested at 50° C. is identified by reference
numeral 64, and the hydrogen volume measurement for the
other cell tested at 71° C. is shown by reference numeral 66.
In contrast, the conventional cells, which did not include the
hydrogen removing agent, provided much greater hydrogen
volume measurements as 1dentified by reference numeral 60
for the 50° C. test, and reference numeral 62 for the 71° C.
test. As shown, the hydrogen removing agent 40 signifi-
cantly reduced the volume of hydrogen accumulation in the
cell, when contrasted to the conventional cells not contain-
ing the hydrogen removing agent. In addition, the graphs
shown 1n FIG. 6 illustrate that the amount of hydrogen
accumulation tends to be greater when the temperature 1s
increased.
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Accordingly, a hydrogen removing agent 40 1s disposed
on an electrochemical cell or battery external to the closed
volume containing the electrochemically active materials of
the cell to reduce the amount of hydrogen emitted from the
cell into the surrounding atmosphere. The electrochemical

cell can be employed 1n an electrically-operated device such
as a flashlight or a camera, which often employ a sealed
battery compartment. By providing the hydrogen removing
agent 40 on the battery, the amount of hydrogen present 1n
the electrically-operated device can be reduced without
having to incorporate a hydrogen removing agent directly
into the electrically-operated device.

It will be understood by those who practice the invention
and those skilled 1n the art, that various modifications and
improvements may be made to the invention without depart-
ing from the spirit of the disclosed concept. The scope of
protection atforded 1s to be determined by the claims and by
the breadth of interpretation allowed by law.

The mnvention claimed 1s:
1. A battery comprising;:

a container having walls defining a volume and including
a sealed active cell volume for housing active cell
materials, the container including a can defining an
clectrochemical cell and having a closed bottom end
and an open top end;

clectrochemically active materials contained in said
sealed active cell volume of said container;

a hydrogen removing agent disposed on said battery
external from said sealed active cell volume of said
container for removing hydrogen produced by said
clectrochemically active materials;

an mner seal member disposed 1n said open top end of
said can to seal said electrochemical materials 1in said
can and define said sealed active cell volume, said inner
scal member comprises a ventable annular secal that
may vent hydrogen accumulated in said active cell
volume of said container; and

an outer cover assembled to said open top end of said can,
said outer cover and inner seal member defining a
container volume therebetween which 1s external to
said sealed active cell volume, wherein said hydrogen
removing agent 1s disposed 1n said container volume.
2. The battery as defined in claim 1, wherein said hydro-
gen removing agent comprises a hydrogen recombination
catalyst.
3. A battery comprising:

a container having walls defining a volume and including
a secaled active cell volume for housing active cell
materials, said container comprises a can having a
closed bottom end and an open top end and side walls
extending between the bottom end and top end;

a seal member disposed within said open top end of said
can to close said can and define said sealed active cell
volume of said container as the volume between the
bottom end and the seal member;

clectrochemically active materials contained in said
sealed active cell volume of said container wherein said
clectrochemically active material comprises an anode
containing zinc, a cathode containing manganese
dioxide, and an alkaline electrolyte; and

a hydrogen removing agent disposed on a surface of said
scal member external from said sealed active cell
volume of said container for removing hydrogen pro-
duced by said electrochemically active materials.
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4. An electrochemical cell comprising:

a container having a closed bottom end and an open top
end;

clectrochemically active materials disposed 1n said
container, said electrochemically active materials
including a positive electrode and a negative electrode;

a seal member disposed 1 said open end of said container
for containing said electrochemically active materials
in a sealed active cell volume of said container, wherein

3

said seal member comprises an annular seal including,
a top surface located external the sealed active cell

volume;
a cover assembled to said open end of said container and

enclosing said seal member, said cover and seal mem-
ber defining a container volume external to said active

cell volume; and

a hydrogen removing agent disposed on said top surface
of said annular seal.
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